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Abstract 
Ribbonfish fishery in Kakinada is supported by six species viz., Trichiurus lepturus, T.russelli, Lepturacantltus 
gangeticus, L.savala. Eupleurogrammus mutirus and E.glossodon. They were exploited by trawls and 
gillnets throughout the year with peak during November-February. Production increased from 53 ton in 
sixties to 3,073 ton in nineties due to improved fishing effort and extension of fishing to distant deeper 
waters. Production of the main species, T. lrpturus varied between 1,759 and 4,685 ton during 1995-2000, 
stock from 2,172 to 7,809 ton and biomass from 408 to 2,519 ton. Maximum sustainable yield is 3,886 ton. 
Mainly zero year fishes supported the fishery. The species matures and spawns during the first year itself. 
Spawning and recruitment occur round the year with peak during November-March. Survival of spawn to 
present exploitation size varied between 0.004 and 0.04% during the period. The estimated fecundity was 
40,250lfish or 100,628lkg body weight. Studies revealed that currently the resource is under heavy fishing 
pressure. Strategies for the management of stock and fishery are discussed. 
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Introduction 
Ribbonfishes are widely distributed in the seas around 
India. They form one of the major components of ex- 
ploited marine fishery resources and have good domestic 
and export demand. Considerable information is available 
on the fishery and biology of many species (Prabhu, 
1955; James, 1967; Thampi et al., 1968; Narasimham, 
1970; 1972; 1974; 1976; 1983; James et al., 1978; 1986). 
Considerable improvements occurred in the fishing tech- 
nology in recent years, resulting in increased efficiency in 
exploitation. However, information on the impact of these 
changes on the fishery and biology of the species is 
limited. The present study will give an insight into the 
were estimated from the monthly length frequency data of 
the species in the catch. Growth and growth parameters 
were estimated by ICLARM's FiSAT software (Gayanilo 
and Pauly, 1997). Size at first capture (LC,,) was esti- 
mated as in Pauly (1984) and age at zero length (to) using 
von Bertalanffy plot (Bertalanffy, 1934). Natural mortal- 
ity (M) was estimated as in Pauly (1980), by taking the 
mean sea surface temperature as 29°C and total mortality 
(Z) from catch curve as in Pauly (1983). Exploitation rate 
was estimated from the equation E = F/Z and exploitation 
ratio from U = FIZ * (l-e-z); where, F is the fishing 
mortality rate. 
changes occurred in the fishery over the decades and the Yield per recruit of the species was estimated follow- 
characteristics of the major species along the coast. ing Marten (1978) and potential yield per recruit and 
Materials and methods optimum age of exploitation as in ~ r i s h n a n k u t t ~  and 
Qasim (1968). Stock was computed from the relation; P Fishing effort, catch and species composition of rib- 
= ym and biomass from B= YIF; where, is the yield bonfishes by trawl and gillnets at Kakinada were moni- 
and U the exploitation rate. Maximum sustainable yield 
tored during 1995-2000 at weekly intervals. Biology of (MSY) was estimated graphically as in Corten (1974). Trichilcnts lepturus was studied simultaneously. Go- 
nadal development and maturity were studied following An empirical relationship was developed to quantify 
James (1967). Size at first maturity was estimated from spawning and survival in T. lepturus and to correlate the 
probability curve. Catch and effort data available with the same with stock and yield of the ensuing years. It was 
institute for 1967-'94 period were also utilized for study- based on the assumption that the fish spawn only once 
ing changes in the fishing pattern over the years. Growth, in an year and by considering the total number of fishes 
growth parameters, mortality rates and recruitment pattern with spent and resting gonads in the catch and that part 
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of the stock which escape fishing together as spawning 
stock. Total stock of the species in number (Pn) was 
estimated from the relation for stock and yield as Pn = 
YnlU, where; Yn is catch in number. Total number of 
fishes that escaped fishing during the year is Pn-Yn and 
that with spent and resting gonads in the catch is Yn x 
S, where; S is proportion of fishes with spent and resting 
gonad in the catch,. 
Pn-Yn = YdU-Yn = Yn (11U-1). 
Spawning stock in number, Ps = (Yn x S) + (Pn 
- Yn) = (Yn x S) + Yn (l/U-1) 
Then the total number of ova released by the spawn- 
ing stock during the period, 
Of = P s x  f i x  fi 
= Yn x f m  x f y ( S  + (1 I U -  1)) 
Where; fm- proportion of females in the catch and 
fy- average fecundity per fish. 
Results 
Fkhing effort: Ribbonfishes were exploited mainly by 
trawls and to a small extent by gillnets. Effort by trawls 
increased gradually and steadily during 1967-2000. Av- 
erage annual fishing effort was 7,624 unitslyear during 
later half of 1960's. 33,300 units during 70's. 43,075 
units during 80's and 49,961 units during 90's. Rate of 
increase was slow during 80's and 90's compared to 
sixties and seventies. Duration of active fishing by trawls 
also increased from 34,118 hrslyear during late 60's to 
769,030 hrs during 90's. It was 238,646 and 344,131 
hours respectively during 70's and 80's. The sharp in- 
crease in active fishing time during 90's was attributed to 
the introduction of voyage fishing. About 16,632 units of 
gillnets were operated annually during 1995-2000, spend- 
ing 44,331 active fishing hours. 
Catch: Over the decades there has been considerable 
increase in catch from 54 ton/year in 60's to 3,073 t in 
90's (Fig. 1). It was 746 and 1,047 tonlyear respectively 
in 70's and 80's. Catch rate also increased from 7 to 62 
kg/unit effort during the same period. C a t c h h i t  time of 
trawling was 2 kghr  in 60's and it increased to 4 kg in 
90's. Percentage representation of ribbonfish in total fish 
catch increased from 4% in 60's to 11% in 90's. Gillnets 
landed 64 ton ribbonfishes annually at a catch rate of 4 
kglunit effort. They constituted 3% of the total fish catch 
in the gear. 
Species composition and  seasonal abundance: Six spe- 
cies supported the fishery. T. lepturus dominated the 
fishery by representing 92% of resource catch during 
1995-2000. Other species represented in the catch are 
T.russelli (2.6%), kpturacanthus gangeticus (1.7%), L. 
savala (0. 9%), Eupleurogrammus muticus (2.3%) and 
E. glossodon (0.4%). The resource was exploited round 
the year with 70% of the catch during October-February. 
Catch and catch rate of most species were also high 
during this period. 
Growth: Growth parameters, L_ and K were 128.2 cm 
and 0.721year respectively and 'to' is -0.003 years and 
the growth can be described by von-Bertallanffy growth 
equation as; 
This relationship showed that they grew to 212, 388, 
535 and 658 mm respectively by. the end of 3, 6, 9 and 
12 months. They attained 978 mm by the end of 2"* year 
and 1134 and 1210 mm respectively by 3d and 4"' years. 
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Size and age composition: Fishery was supported by 8- 
114 cm fishes (Fig 2), with 52.1 cm as mean size. Zero 
year groups represented 92% of the catch. Juveniles (8 
-cm) entered the fishery in large numbers during August- 
September and to a small extent during March and May. 
Their age at this stage was 1.2 months. Size of the species 
at first capture was 40.9 cm and age was 6.4 months. 
Optimum age of exploitation (ty) of the species is 1.73 
years, which corresponds to 90 cm in total length. 
Sexual maturity: The size at first maturity is 47.3 cm and 
age is 7.7 months. However, gonadal development and 
sexual maturity in the 'species is observed from 38 cm 
onwards. This shows that they spawn during the first 
year itself. 
Spawning and recruitmentpattern: Recruitment pat- 
tern (Fig 3), presence of small fishes and those with ripe, 
spent and resting gonads in the catch indicated that they 
spawn round the year with peak during December-Feb- 
1969 1971 1979 1984 1989 1994 1999 
YEARS 
Fig. 1. Trend in ribbonfish landings (t) at Kakinada along 
the east coast of India during 1967-2000. 
Fishery and stock assessment of ribbonfishes 43 
ruary. Estimate shows that 24 to 54% of the stock 
spawned and released 1.29 x 10" to 6.60 x 10 I '  ova 
annually during 1995-2000 (Table 1). Estimate of spawn 
survival up to the present exploitation size varied between 
0.004 and 0.04%. Proportion of the fishes with spent and 
resting gonad in the catch decreased over the years. It was 
36% during 1995-'96 and it declined during the subse- 
quent years to 6.7% by 1998-'99. Fecundity of 63-82 cm 
size fishes was estimated as 40,250 ovalfish. It accounts 
m 1s 25 3s 45 55 6s 75 8s 95 185 11s 125 
stzs (mid-class) (em) approximately 1,00,628 ovalkg body weight of the fish. 
Fig. 2. Average annual size distribution of the ribbonfish, 
T. lepturus in the catch. 
M ONIH S 
Fig. 3. Recruitment pattern of the ribbonfish, T. lepturus 
along the east coast of India. 
6 I I 
Fig 4 .  Relative yieldlrecruit of the ribbonfish, Trirl~iurus 
leprurus at different levels of exploitation, super-im- 
posed with yield bar showing MSY 
Feeding habits: Species is highly carnivorous and 
cannibalistic and preys on a variety of fishes, crustaceans 
and cephalopods. Fishes landed by gillnets are mainly 
(48-67%) in well fed condition with full guts; whereas 
that by trawls were in poorly fed condition (59-76%). 
This may probably be due to vomiting of the preys during 
their struggle to escape from the trawl. Some fishes were 
found to ingest preys as high as 9.4% of their body 
weight. 
Mortality and exploitation rates: Total mortality var- 
ied between 2.84 and 5.48 with 4.32 as mean during 
1995-2000. Natural mortality was 0.98 and fishing mor- 
tality 3.34 and the latter varied between 1.86 and 4.5 
' during the period. Exploitation rate varied between 0.65 
and 0.82 with 0.77 as mean whereas, Enmx was low, 0.53 
(Fig 4). 
Yield, yiehiper recruit, stock and biomass: Yield of 
the species at the present level of fishing pressure is 74.6 
glrecruit and potential yield corresponding to optimum 
age of exploitation is 109.8 glrecmit. Average production 
of the species was 3,500 ton during 1995-2000 and 
maximum sustainable yield was 3,886 tonJyear (Fig 4). 
Their stock in the present fishing ground varied between 
2,172 and 7,809 ton with an increasing trend during the 
period. Biomass also varied between 408 and 2,519 ton. 
Statistical interpretation showed a positive correlation 
between spawn survival and stock, but not at significant 
level (P>0.05). However, no relation could be established 
between spawning rate and stock. 
Table 1. Estimates of annual catch of T .  lepturus, their stock, spawning rate, total ova released and survival of the 
spawn lip to exploitable stock during 1995-2000. 
Catch in nos. % of spent & Stock in Spawning rate % of females No. of ova Spawn 
Period (Yn) resting fish Nos. (Pn) (% of the catch (fin) Released survival (%) 
(X 1oo'm (9 (X 1oOw stock) (00 
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Discussion improve ribbonfish fishery but also other valuable 
resources. Catch, catch rate and percentage representation of 
ribbonfishes in the total fish catch increased during 1967- Acknowledgements 
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waters. James er (1986) have reported the availability acknowledge, Dr. H, Mohamed Kasim, Principal Scien- 
of the resource in waters at depths between 25 and 75 m. tist for his personal help and guidance in the stock assess- 
Estimates showed that a spawn survival of 0.01 to 
0.02% is sufficient to maintain the stock. Compared to 
this, the present estimates of spawn survival are much 
high. This and their fast growth observed in the study 
indicated prevalence of better condition for their growth 
and survival. Removal of large quantum of fishes, which 
include predators and competitors by fishing, might have 
created favourable conditions for them. It can also be 
possible from increased biological productivity of the seas 
owing to increased nutrient discharge and eutrophication 
following industrialisation and urbanisation in the recent 
past as reported by Tatara (1981, 198 la). Cause of in- 
creased production of other small pelagics during the 
period can also be attributed to this. 
Though they attained full sexual maturity at an age of 
7-8 months and spawn round the year, the present exploi- 
tation pattern, which harvest mainly zero year fishes may 
not permit large number of them to spawn atleast once in 
their life. This indicated stress on spawning stock and can 
be addressed only by enhancing their size and age at 
exploitation. As young ones of the species feed on small 
fishes and shrimps in the shelf area, probability of they 
being caught in large numbers in shrimp trawls is very 
high. Moreover, fishery being multi-resource represented 
by large number of species, it is neither simple nor easy 
to implement any measures for the management of a 
specific species or resource. 
ment work. 
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